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I NTRODUCT I ON 

M ic roscop ica l  examinat ions of  kerogens have shown t h a t  many coal  
macerals a r e  no t  r e s t r i c t e d  t o  coal  swamp d e p o s i t i o n a l  environments, b u t  
a r e  i n  f a c t  widespread i n  occurrence,  i n  many types o f  sedimentary rocks.  
E x i n i t e s  i n  p a r t i c u l a r  a r e  of  geochemical i n t e r e s t ,  f o r  t hey  have been 
imp1 i ca ted  i n  crude o i  1 generat  ion under c e r t a i n  c i r c ~ m s t a n c e s ( ~ - 3 ) .  
They a re  a l s o  common components o f  coa ls  o f  d i v e r s e  ages(4). The work 
repo r ted  here rep resen ts  a p a r t  o f  a s tudy undertaken t o  compare chemical 
s i m i l a r i t i e s  and d i f f e r e n c e s  between d i f f e r e n t  macera ls(5)  and out1 ines 
t h e  r e s u l t s  o f  o x i d a t i v e  degrada t ion  o f  a se r ies  o f  s p o r i n i t e  concentrates 
i s o l a t e d  f rom Carboni ferous coa ls  o f  h i g h - v o l a t i l e  b i tuminous rank. 

SAMPLES AND ANALYTICAL METHODS 

A s e r i e s  o f  s p o r i n i t e  concen t ra tes  were prepared from se lec ted  coals  
by a combined c rush ing ,  heavy l i q  (ZnC12) f l o t a t i o n  technique,  m o d i f i e d  
a f t e r  t h e  method of Dormans 
f rom 77-95% o f  s p o r i n i t e ,  w i t h  the main contaminants being i n e r t i n i t e s .  
The samples cover the  rank range 0.5-1 .1%Rmax (equ iva len t  t o  v i t r i n i t e  
carbon c o n t e n t s  o f  77-87%) .  P r i o r  t o  o x i d a t i o n ,  a l l  samples were e x t r a c t e d  
w i t h  a ch lo ro fo rm:  acetone: methanol m i x t u r e  (47:30:23 v /v)  and then 
s a p o n i f i e d  w i t h  a s o l u t i o n  o f  KOH i n  methanol (5% w/v) .  

o f  D j u r i c i c  e ( 7 7 .  whereby the  s p o r i n i t e  was d i spe rsed  i n  an excess o f  
1.6% KOH s o l u t i o n  a t  80OC and an a l  i quo t  o f  potassium permanganate was 
added ( t h e  r a t i o  of s p o r i n i t e :  ox idan t  v a r i e d  between 4 : l  and 1 : 1  i n  
d i f f e r e n t  exper iments) .  A f t e r  consumption o f  the o x i d a n t ,  t he  m i x t u r e  was 
f i l t e r e d ,  and r e s i d u a l  s p o r i n i t e  was re tu rned  t o  the r e a c t i o n  vessel  for a 
second o x i d a t i o n  s tep ,  t h i s  procedure being c o n t i n u a l l y  repeated u n t i l  no 
f u r t h e r  o x i d a t i o n  took  p lace .  F i l t r a t e s  from each o x i d a t i o n  s tep were 
a c i d i f i e d  t o  pH 1 and t h e  r e s u l t a n t  brown t o  b l a c k  p r e c i p i t a t e s  were removed. 
Residual s o l u t i o n s  were e x t r a c t e d  w i t h  d i e t h y l  e t h e r  t o  recover o rgan ic -  
s o l u b l e  a c i d  f r a c t i o n s ,  which were then methy lated w i t h  diazomethane. The 
e s t e r s  were f r a c t i o n a t e d  by p r e p a r a t i v e  t h i n - l a y e r  chromatography (0.5 mm 
Si02 p l a t e s .  developed i n  pet ro leum e t h e r :  e the r  9 : l ) .  and r e s u l t i n q  mono- 
and d imethy l  e s t e r  f r a c t i o n s  were analyzed by temperature-programmed gas 
chroma tog  raphy . 

YAY . F i n a l  concentrate p u r i t i e s  ranged 

The o x i d a t i o n  rocedure was taken from t h e  kerogen o x i d a t i o n  method 
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RESULTS AND DISCUSSION 

Pert inent data concerning the samples and ox idat ion products are 
given i n  Table 1 .  

TABLE 1 

Rank and Oxidation Product Data f o r  Spor in i te  Kerogen 

Sample Rank Oxidation Products Rat i o  Number o f  
Monobasic Acids Dibasic Acids Coal/Oxidant Oxidation Steps Rmax 

% ( p d  (ppm) (w/w) 
(as Me esters)  (as di-Me esters)  

A 0.51 740 
B 0.60 640 
C 0.63 460 
D 0.68 720 
E 0.91 1160 
F 1.04 470 
G 1 . 1 2  610 

4060 
15670 
17970 
21510 
12890 
16080 
16470 

4 :  1 
4 : 3  
1 : l  
l : 1  
4 : l  
1 : l  
1 : l  

1 3  
7 
6 
6 

20 
7 
7 

The d i s t r i b u t i o n s  o f  s t ra ight -chain compounds i n  both the mono- and 
d ibas ic  chromatographic f rac t i ons  showed several progressive changes as 
the rank o f  the spor in i tes increased, and a lso as ox idat ion progressed 
w i t h i n  ind iv idual  spor in i tes.  I n i t i a l  ox idat ion steps o f  low-rank 
spor in i tes (samples A-D)  yielded complex mixtures o f  ac ids (range Cn-C 8 )  
dominated by normal, saturated, even-carbon-numbered components w i t h  12-20 
carbon atoms. I n  l a t e r  ox idat ion steps, normal acids became increas ing ly  
predominant and contained increasing proport ions o f  long-chain ( 
homologues, which eventual ly  become the dominant products. The long-chain 
compounds showed a s l i g h t  predominance of C22, C24, C26 and C28 acids. 
A t  ranks higher than 0.9% ?imax (samples E-G), products were confined 
mainly t o  the range cn-Cl8 w i t h  prominent s t ra ight -chain const i tuents ,  
and the C l 8 +  f r a c t i o n  was seen i n  t race amounts only. 

C20) 

The main a l i p h a t i c  products i n  the d ibas ic  chromatographic f r a c t i o n  
were straight-chain, saturated a,w-dicarboxyl ic acids i n  the range Cn-C28, 
although homologues higher than C 1 5  were always minor components and were 
confined t o  the lower rank samples. Ind iv idual  compound concentrat ions 
decreased regu la r l y  w i th  increasing chain length from maxima a t  c8 or C9. 
With increasing sample rank, the concentrat ion o f  a,w-dicarboxylic acids 
i n  the d ibas ic  f r a c t i o n  decreased progressively, and a t  the highest ranks, 
v i r t u a l l y  no recovery o f  these compounds was obtained. 
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The monobasic a c i d s  a r e  produced by o x i d a t i v e  cleavage o f  an " -a lky l  
mo ie ty  bonded t o  the  kerogen s t r u c t u r e  a t  one end o f  t he  cha in .  The 
n a t u r e  o f  t h e  f u n c t i o n  i nvo l ved  i s  unknown, except  t h a t  e s t e r s  a r e  u n l i k e l y  
s ince  a l l  the samples were sapon i f i ed  p r i o r  t o  o x i d a t i o n .  The sapon i f i ca -  
t i o n  procedure y i e l d e d  low q u a n t i t i e s  o f  f a t t y  a c i d s  ( 
- n - f a t t y  ac ids  above ~ - C 2 2  were not  produced. 
produced(5) .  F u r t h e r ,  f u n c t i o n a l  group analyses o f  coals  i n d i c a t e  t h a t  
ca rboxy l  groups do n o t  s u r v i v e  i n t o  t h e  b i tuminous rank range(8) .  
- n - a l k y l  m o i e t i e s  e x h i b i t  some c h a r a c t e r i s t i c s  which i n d i c a t e  d e r i v a t i o n  
d i r e c t l y  from t h e  o r i g i n a l  p l a n t  l i p i d s .  Long-chain ( 
p robab ly  d e r i v e d  from o r i g i n a l  p l a n t  waxes, which show a s t rong  predominance 
o f  even-carbon-number chains i n  modern p l a n t s .  C o a l i f i c a t i o n  processes 
have mod i f i ed  t h e  o r i g i n a l  d i s t r i b u t i o n  so t h a t  t he  even-dominance has been 
almost smoothed o u t .  Such a smoothing out  process o f  o r i g i n a l  b i o l i p i d s  has 
been demonstrated many t imes i n  the  s o l v e n t - s o l u b l e  f r a c t i o n s  of  sedimentary 
o rgan ic  ma t te r ,  i n c l u d i n g  c o a l s ( 9 - l l ) .  The sho r t - cha in  ( C20) "-acids 
have d i s t r i b u t i o n s  i n d i c a t i n g  d e r i v a t i o n  from f a t s ,  p a r t i c u l a r l y  t h e  
predominance o f  z-Cl6 and "-c]8. These compounds a r e  s i m i l a r  i n  d i s t r i b u t i o n  
to s imple a l k y l  deg rada t ion  products  o f  spo ropo l l en in ,  a n a t u r a l  biopolymer 
found i n  modern ex ine  w a l l s ( l 2 ) ,  suggest ing t h a t  t h i s  m a t e r i a l  may c o n t r i b u t e  
t o  t h e  s t r u c t u r e  o f  f o s s i l i z e d  s p o r i n i t e .  

IO ppm) and 
No a,w - d i c a r b o x y l i c  ac ids  were 

The 

C20) 1 - a c i d s  a r e  

The a , w  - d i c a r b o x y l i c  a c i d s  a re  produced by d i t e r m i n a l  o x i d a t i v e  
cleavage o f  po lymethy lene cha ins  w i t h i n  the  kerogen. The na tu re  o f  the 
o r i g i n a l  t e r m i n a l  s t r u c t u r e s  i s  unknown, bu t  a l k y l a t e d  mono- and d ia romat i c  
hydrocarbons bear ing  E - a l k y l  s u b s t i t u e n t s  o f  s i m i l a r  cha in  l e n  t h s  have been 
observed i n  the  p y r o l y s i s  p roduc ts  o f  some o f  these s p o r i n i t e s y l 3 ) .  Poly-  
methylene cha ins  have been found i n  a wide v a r i e t y  o f  sedimen a r y  o rgan ic  
m a t e r i a l s ,  f r e q u e n t l y  w i t h  cha in  l eng ths  extending beyond C2ojl4-17). I n  
an extreme case, t he  e x i n i t e  maceral a l g i n i t e  (Botryococcus type)  i s  composed 
of  s i g n i f i c a n t  amounts o f  a h i g h l y  c r o s s - l i n k e d  polymethylene cha in  network 
(18,191. 
l eng ths  i n  t h e  polymethy lene s t r u c t u r e s  does not  suggest d i r e c t  i n c o r p o r a t i o n  
of s imple l i p i d s  w i t h  the  r e t e n t i o n  o f  o r i g i n a l  s t r u c t u r e s .  Thus, i t  i s  
thought  t h a t  d u r i n g  t h e  d i a g e n e t i c  a l t e r a t i o n  s tage,  t he  i n c o r p o r a t i o n  o f  
f u n c t i o n a l i z e d  l i p i d s  i n t o  a develop ing geopolymer takes p lace  i n  such a way 
t h a t  b i o l o g i c a l  i d e n t i t y  i s  l o s t ,  p o s s i b l y  by cha in  f ragmentat ion o r  cross-  
l i n k i n g .  Labora to ry  s i m u l a t i o n  o f  such a process has been c a r r i e d  o u t ,  
whereby a r t i f i c i a l  me lano id ins  ( rep resen t ing  p o l y f u n c t i o n a l  proto-kerogen)  
have been reac ted  w i t h  standard alkenes, a c i d s  and a l c o h o l s  ( rep resen t ing  
1 i p i d s )  (20).  Data ob ta ined  t o  date suggest t h a t  a s p e c i f i c  compound, f o r  
example n--hexadecanol, r e a c t s  w i t h  the  me lano id in  i n  a complex manner which 
produces an homologous s e r i e s  o f  chemica l l y  bonded a l k y l  m o i e t i e s  w i t h  cha in  
l eng ths  s h o r t e r  than t h e  o r i g i n a l  s t r u c t u r e .  

I n  t h e  m a j o r i t y  o f  pub l i shed  data,  t he  d i s t r i b u t i o n  o f  cha in  

While t h e  o r i g i n  o f  t he  polymethylene s t r u c t u r e s  i s  s p e c u l a t i v e ,  the 
o x i d a t i o n  data show t h a t  t hey  a re  not  s t a b l e  under advancing c o a l i f i c a t i o n ,  
and a r e  p r o g r e s s i v e l y  l o s t  f rom the kerogen a t  success i ve l y  h ighe r  ranks. 
The evidence f u r t h e r  suggests t h a t  they a re  e x p e l l e d  as complete e n t i t i e s ,  
f o r  t he re  i s  no good i n d i c a t i o n  o f  p rog ress i ve  c h a i n  sho r ten ing  w i t h  
i nc reas ing  rank. 

28 



SUMMARY 

n -A lky l  m o i e t i e s  a re  present  i n  a t  l e a s t  two modes i n  s p o r i n i t e  
kerogen, a l though they represent  ve ry  small  p r o p o r t i o n s  o f  t he  t o t a l  
s t r u c t u r e .  Singly-bonded "pe r iphe ra l "  a l k y l  chains have been found, 
w i t h  cha in  l e n g t h  d i s t r i b u t i o n s  which suggest d i r e c t  i n c o r p o r a t i o n  o f  
f a t s  and waxes from the  o r i g i n a l  p l a n t s .  C o a l i f i c a t i o n  s l o w l y  mod i f i es  
the s t r u c t u r e s  so t h a t  s p e c i f i c  b i o l o g i c a l  i d e n t i t i e s  a r e  s l o w l y  ob1 i t e r -  
ated. 
these s t r u c t u r e s  a r e  thought t o  develop d u r i n g  e a r l y  d iagenesis  through 
complex r e a c t i o n  pathways i n v o l v i n g  f u n c t i o n a l i z e d  l i p i d s  and p o l y -  
f u n c t i o n a l  subs t ra tes .  

D i t e r m i n a l l y  bonded polymethylene chains a re  a l s o  p resen t ,  and 

The o x i d a t i o n  da ta  suggest t h a t  o x i d i z a b l e  E - a l k y l  m o i e t i e s  a re  
s low ly  expe l l ed  f rom t h e  kerogen m a t r i x ,  f o r  recove r ies  d e c l i n e  as the  
rank o f  t he  s p o r i n i t e  increases. However, cau t i on  must be exe rc i sed  
i n  i n t e r p r e t a t i n g  da ta  from a s i n g l e  deg rada t ion  technique,  f o r  p y r o l y t i c  
degradat ion y i e l d e d  s i g n i f i c a n t  q u a n t i t i e s  o f  %-alkanes from a l l  t he  
s p o r i n i t e  kerogens. Thus, i t  would appear t h a t  f u r t h e r  E - a l k y l  m o i e t i e s  
must be present ,  but  i nco rpo ra ted  i n  a manner which i s  not  s u s c e p t i b l e  
t o  a l k a l i n e  permanganate o x i d a t i o n .  
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